2入力1出力機能を有する磁気式遊星歯車装置の駆動特性 by 池淵 耕平 et al.
2入力1出力機能を有する磁気式遊星歯車装置の駆動
特性
著者 池淵 耕平, 高橋 拓杜, 阿部 圭太, 矢ノ目 猛, 宮
澤 正樹, 鶴本 勝夫
雑誌名 東北学院大学工学部研究報告
巻 49
号 1
ページ 1-8
発行年 2015-03-24
URL http://id.nii.ac.jp/1204/00000320/

  ◊✲ㄽᩥ 
   ධຊ ฟຊᶵ⬟ࢆ᭷ࡍࡿ☢Ẽᘧ㐟ᫍṑ㌴⿦⨨ࡢ㥑ື≉ᛶ

  Driving Performance of Magnetic Planetary Gears  
     with Dual-Input and Single-Output Functionality 
 
ụῡ⪔ᖹ㧗ᶫᣅᮭ㜿㒊ᆂኴ 
Kouhei IKEBUCHI   Takuto TAKAHASHI     Keita ABE 
▮ࣀ┠⊛           ᐑ⃝ṇᶞ         㭯ᮏ຾ኵ㸨   
Takeru YANOME     Masaki MIYAZAWA   Katsuo TSURUMOTO 
 
         Abstract : Magnetic gears allow the transmission of driving force in a completely non-contact 
state. Their main advantages include low vibration and noise, maintenance-free operation, and 
exemption from lubrication. The device discussed in this study boasts dual-input functionality. 
We have found that the most promising practical application of such a device  particularly for 
accelerator versions is in wind-powered electrical power-generating equipment. We envision 
wind power as the primary input, while the secondary input may come from sources such as 
hydraulic power or electrical storage devices to drive the mechanism that controls the rotation 
rate. In addition, we used our dual-input device to carry out an experimental investigation on a 
parallel-drive scheme in which the outer ring gear on the secondary input is rotated in the same 
direction as the carrier. Our experiments revealed three distinct operating regimes for the device : 
a regime in which the output rotation rate was lower than the input rotation rate, a point at which 
the output rotation rate fell to zero, and a regime in which the output rotation rate was greater 
than the input rotation rate. This report describes the characteristics of our differential-drive and 
parallel-drive schemes obtained from further experiments. 
 
Key words : planetary gear, sun gear, outer ring gear, dual-input functionality, driving 
performance. 
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Fig. 1 Schematic of planetary and outer ring 
gearing for accelerator. 
   (One example of differential (diff.) and      
parallel (para.) drive configuration.) 
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Fig. 2 Photographs of planetary gears, sun 
gear, and outer ring gear. 
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Fig. 3 Schematic of test apparatus. 
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ࡢ୺ධຊᅇ㌿ᩘ࡟ᑐࡍࡿฟຊᅇ㌿ᩘࡢ๭ྜ(Ns/ 
Nc)ࢆᅗ♧ࡋࡓࡶࡢ࡛࠶ࡿ㸬ᅗ୰ࡢ NC࠾ࡼࡧ NO 
ࡢ➢ྕs࡜ᶓ㍈ NOࡢ➢ྕsࡣ㸪ࡑࢀࡒࢀᅇ㌿᪉
ྥࢆ⾲ࡋ㸪㸩ࡀ᫬ィ᪉ྥ㸪㸫ࡀ཯᫬ィ᪉ྥ࡛࠶
ࡿ㸬
 
 
Fig.4 Relationship between outer ring gear 
speed NO and NS/NC.(NS:sun gear speed, 
NC:carrier speed.) 
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Fig.4 ࠿ࡽࢃ࠿ࡿࡼ࠺࡟㸪ᮏ㥑ື⿦⨨ࡣ㇟㝈
ࡢไᚚࡀྍ⬟࡛࠶ࡾ㸪⦪㍈┠┒ࡢ  ࡣ㸪(3)ᘧ࡛
NO=0 ࡢ࡜ࡁࡢ Ns/Nc ࡢ್࡛࠶ࡾ㸪ࡇࡢࢆ୰ᚰ
࡟ᶓ㍈࡟ᘬ࠸ࡓἼ⥺ࡣᕪື㥑ື࡜୪㐍㥑ືࡢቃ
⏺࡜࡞ࡾ㸪ୖ㒊ࡀᕪື㥑ື㡿ᇦࢆᅗࡢ⅊Ⰽ㡿ᇦ㸪
ୗ㒊ࡀ୪㐍㥑ື㡿ᇦ࡜࡞ࡿᅗࡢⓑⰍ㡿ᇦ㸬࢟ࣕ
ࣜ࢔ࡀ㸩᪉ྥ࡟ᅇ㌿ࡋࡓ᫬ࡢฟຊᅇ㌿ᩘࡢ⟬ᐃ
ᘧ(3)㸪(5)㸪(6)㸪(8)㸪(9)ᘧࡣ㸪Fig.4 ࡛➨㇟㝈
ࡢᕪື㥑ື㡿ᇦ㸪࠾ࡼࡧ➨㇟㝈࡜➨㇟㝈ࡢ୪
㐍㥑ື㡿ᇦ࡟♧ࡍࢢࣛࣇ࡜࡞ࡾ㸪ᐇ㦂⤖ᯝ࠿ࡽࡇ
ࢀࡽࡢ⟬ᐃᘧࡢ᭷ຠᛶࢆ᳨ドࡍࡿࡇ࡜ࡀ࡛ࡁࡓ㸬
ࡲࡓ㸪࢟ࣕࣜ࢔ࡀ㸫᪉ྥࡢ཯᫬ィ᪉ྥ࡟ᅇ㌿ࡋࡓ
᫬ࡢ⟬ᐃᘧࡣ㸪཯᫬ィ᪉ྥࡢᅇ㌿ࢆ㸩࡜ࡋ࡚ィ⟬
ࡍࢀࡤྠᵝ࡟ࡋ࡚ồࡵࡽࢀ㸪ฟຊᅇ㌿ᩘࡢࢢࣛࣇ
ࡣ➨㇟㝈ࡢᕪື㥑ື㡿ᇦ㸪࠾ࡼࡧ➨㇟㝈࡜➨
 ㇟㝈ࡢ୪㐍㥑ື㡿ᇦ࡜࡞ࡿ㸬Fig.4 ࡣ㟁☢ࣈࣞ
࣮࡛࢟㈇Ⲵࢆ࠿ࡅࡓ≧ែ࡛ࡶྠࡌ≉ᛶ࡜࡞ࡿ㸬
࡞࠾㸪ᕪື㥑ືࡣฟຊᅇ㌿ᩘࡀቑ㏿ࡍࡿ㡿ᇦ࡜
࡞ࡾ㸪୪㐍㥑ື࡛ࡣῶ㏿ࡍࡿ㡿ᇦ࡜㸪೵ṆࡍࡿⅬ㸪
㏫㌿ࡋቑ㏿ࡍࡿ ࡘࡢືస㡿ᇦࢆᣢࡘ㸬 
ࡇࡇ࡛ࡣࠊ➨㇟㝈ࡢᕪື㥑ື㡿ᇦ㸪࠾ࡼࡧ➨
 ㇟㝈࡜➨  ㇟㝈ࡢ୪㐍㥑ື㡿ᇦ࡟ࡘ࠸᳨࡚ウࡋ
ࡓ㸬
 
5.2 ᕪື㥑ື᫬ࡢ㥑ື≉ᛶ 
 Fig.5㹼Fig.7 ࡟㸪࢟ࣕࣜ࢔ࡢᅇ㌿ᩘ Nc ཬࡧእ
㍯ṑ㌴ࡢᅇ㌿ᩘ No ࢆ୍ᐃ࡜ࡋ㸪ධฟຊࢺࣝࢡ
≉ᛶ㸪㟁ຊ≉ᛶ㸪㟁ຊຠ⋡ࢆᐇ㦂࠿ࡽ᳨ウࡋࡓ㸬
࡞࠾㸪ᶓ㍈ࡣ㟁☢ࣈ࣮ࣞ࢟࡟ࡼࡾኴ㝧ṑ㌴ࡢࢺ
ࣝࢡ Ts ࡢ኱ࡁࡉࢆ 0 ࠿ࡽ 0.1Nm ้ࡳ࡛ኴ㝧ṑ
㌴ࡢ㝈⏺ࢺࣝࢡ Tsmax ࡲ࡛㈇Ⲵࢆ࠿ࡅᐇ㦂ࢆ
⾜ࡗࡓ㸬 
 
(1) ධฟຊࢺࣝࢡ≉ᛶ 
 Fig5 ࡟㸪Nc =+200min-1࡛ No =㸫200min-1
ࡢሙྜ (Ns =+1800 min-1 ࡜࡞ࡿ )࡜ No =㸫
300min-1 ࡢሙྜ(Ns =+2200 min-1 ࡜࡞ࡿ)ࡢධ
ฟຊࢺࣝࢡࡢᐇ㦂⤖ᯝࢆ♧ࡍ㸬ᕪື㥑ືࡢሙྜ
ࡣ㸪㐟ᫍṑ㌴࡟ࡣ㸪࢟ࣕࣜ࢔ഃ࡜እ㍯ṑ㌴ഃ࠿
ࡽࡢഅຊࡀస⏝ࡍࡿࡢ࡛㸪ኴ㝧ṑ㌴ࡣ㸪᫬ィ᪉
ྥ࡟㧗㏿ᅇ㌿࡜࡞ࡿ㸬࡞࠾㸪ᶓ㍈ཬࡧ⦪㍈ࡢࢺ
ࣝࢡ+ࡣ㸪ᅇ㌿᪉ྥࡀ᫬ィ᪉ྥࢆ♧ࡋ㸪㸫ࡣ཯᫬
ィ᪉ྥࢆ♧ࡍ㸬 
Fig.5 ࡼࡾ㸪Tc㸪To ࡣ࡜ࡶ࡟ Ts ࡟ẚ౛ࡋ࡚ቑ
ຍࡋ㸪ࡲࡓ㸪እ㍯ṑ㌴ࡢᅇ㌿ᩘ No ࡟㛵ಀ࡞ࡃ
ࡑࢀࡒࢀࡢ Ts ࡟ᑐࡋ࡚ྠࡌ್࡜࡞ࡿࡇ࡜ࡀศ
࠿ࡿ㸬 
 
 (2) 㟁ຊ≉ᛶ 
ྛࠎࡢṑ㌴ࡢධฟຊ㟁ຊ P(W)ࡣṑ㌴ᅇ㌿ᩘ
N(min-1)㸪ࢺࣝࢡ T(Nm)ࢆ⏝࠸㸪ḟᘧ࡛⾲ࡍࡇ
࡜ࡀ࡛ࡁࡿ㸬 
   P=ȰT=(2 /60)T                  (10) 
ࡓࡔࡋȰࡣゅ㏿ᗘ࡛࠶ࡿ㸬ධຊࡀ࢟ࣕࣜ࢔ࡢ㟁
ຊ Pc ཬࡧእ㍯ṑ㌴ࡢ㟁ຊ Po㸪ฟຊࡀኴ㝧ṑ㌴
ࡢ㟁ຊ Ps ࡛࠶ࡾ㸪ࡑࢀࡒࢀࡢ㟁ຊࡣ㸪ࡑࢀࡒࢀ
ࡢᅇ㌿ᩘ࡜ࢺࣝࢡࡢ್࠿ࡽ⟬ᐃࡍࡿࡇ࡜ࡀฟ᮶
ࡿ㸬 
ࡲࡓ㸪㟁ຊຠ⋡Ȟࡣḟᘧ࡛⾲ࡉࢀࡿ㸬 
Ȟ=PS/Pin100= PS/(Pc+Po)100   (11) 
(11)ᘧ࡛㸪Pin (=Pc+Po)ࡣධຊ㟁ຊ࡛࠶ࡿ㸬 
Fig.6 ࡟ࠊNc =+200min-1㸪No =㸫300min-1
ࡢሙྜࡢ㟁ຊ≉ᛶࡢᐇ㦂⤖ᯝࢆ♧ࡍ㸬ྛࠎࡢ㟁
ຊࡣ Ts ࡟ẚ౛ࡋቑຍࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿ㸬㟁
ຊᦆኻ PL(=Pin̾PS)ࡶ Ts࡟ẚ౛ࡋ࡚ቑຍࡋ࡚࠸ 
 
 
Fig.5 Relationship between sun gear torque 
Ts, and carrier torque Tc  and outer 
ring gear torque To. 
 
 
Fig.6 Relationship between sun gear torque 
Ts and electric power Pc,Po,Ps,Pin,PL. 
                           
 
Fig.7 Relationship between sun gear torque 
Ts and electric power efficiencyȞ. 
 
ࡿࡀ㸪ቑຍᖜࡀᴟ➃࡟ᑡ࡞࠸ࡓࡵ㸪ᕪື㥑ື᫬ 
࡟࠾࠸࡚ࡣẚ㍑ⓗ㟁ຊຠ⋡ࡢⰋ࠸ᶵჾ࡛࠶ࡿࡇ
࡜ࡀ⪃࠼ࡽࢀࡿ㸬 
Fig.7 ࡟㟁ຊຠ⋡≉ᛶࢆ♧ࡍ㸬Nc =+200min-1
ࡢ᫬ࠊNo =㸫200min-1ࡢሙྜ࡜No =㸫300min-1
ࡢሙྜࡢᐇ㦂⤖ᯝࢆ♧ࡋࡓ㸬㟁ຊຠ⋡Ȟࡣ㸪No 
=㸫200min-1㸪㸫300min-1 ࡢ࡝ࡕࡽࡢሙྜࡶ㸪
Ts ࡀቑຍࡍࡿ࡜ቑຍࡋ࡚࠸ࡁ㸪㝈⏺ࢺࣝࢡ
Tsmax ࡟㏆࡙ࡃ࡟ࡘࢀ᭱኱ຠ⋡ 80㸣๓ᚋ࡟₞
㏆ࡋ࡚࠸ࡃࡇ࡜ࡀศ࠿ࡗࡓ㸬ࡇࢀࡣ㸪ฟຊࡢᅇ
㌿ࡀ㧗㏿ᅇ㌿࡜࡞ࡿࡓࡵ࡛࠶ࡿ㸬 
 
5.3 ୪㐍㥑ື᫬ࡢ㥑ື≉ᛶ 
 ᕪື㥑ື᫬࡜ྠࡌࡼ࠺࡟㸪Fig.8㹼Fig.10 ࡟㸪
࢟ࣕࣜ࢔ࡢᅇ㌿ᩘ Ncཬࡧእ㍯ṑ㌴ࡢᅇ㌿ᩘ No
ࢆ୍ᐃ࡜ࡋ㸪ධฟຊࢺࣝࢡ≉ᛶ㸪㟁ຊ≉ᛶ㸪㟁
ຊຠ⋡ࢆᐇ㦂᳨ウࡋࡓࠋࡲࡓ㸪㟁☢ࣈ࣮ࣞ࢟ࢆ
⏝࠸࡚㸪ኴ㝧ṑ㌴ࡢ㝈⏺ࢺࣝࢡ Tsmax ࡲ࡛ᐇ㦂
ࢆ⾜ࡗࡓ㸬࡞࠾㸪ྛࠎࡢ㟁ຊཬࡧ㸪㟁ຊຠ⋡ࡢ
⟬ᐃᘧࡣ(10)㸪(11)ࢆ⏝࠸ࡓ㸬 
 
(1)ධฟຊࢺࣝࢡ≉ᛶ  
Fig.8 ࡟ Nc =+200min-1㸪No =+200min-1ࡢሙ
ྜ(Ns =+200 min-1࡜࡞ࡿ)࡜㸪No =+300min-1
ࡢሙྜ(Ns =㸫200 min-1࡜࡞ࡿ)ࡢධฟຊࢺࣝࢡ
ࡢᐇ㦂⤖ᯝࢆ♧ࡍ㸬Nc=No=+200min-1ࡢሙྜࡣ㸪
㐟ᫍṑ㌴ࡣ⮬㌿ࡏࡎබ㌿ࡢࡳࡢ᫬ィ᪉ྥࡢᅇ㌿
࡜࡞ࡿࡢ࡛ኴ㝧ṑ㌴ࡣ᫬ィ᪉ྥ࡟ᅇ㌿ࡍࡿ㸬
No=+300min-1ࡢሙྜࡣ㸪Nc<No ࡜࡞ࡿࡢ࡛㸪
㐟ᫍṑ㌴࡟ࡣእ㍯ṑ㌴ࡢຊࡢ࣮࣓ࣔࣥࢺࡀస⏝
ࡍࡿࡓࡵ㸪᫬ィ᪉ྥ࡟⮬㌿ࡋ㸪බ㌿ࡍࡿࡢ࡛㸪
ኴ㝧ṑ㌴ࡣ཯᫬ィ᪉ྥ࡟ᅇ㌿ࡍࡿ㸬ࡲࡓ㸪Fig.8 
ࡼࡾ㸪Tc㸪To ࡣඹ࡟ Ts ࡟ẚ౛ࡋ࡚ቑຍࡋ࡚࠸
ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
  
  
 
Fig.8 Relationship between sun gear torque 
Ts, and carrier torque Tc and outer ring gear 
torque To. 
 
 
Fig.9 Relationship between sun gear torque 
Ts and electric power Pc,Po,Ps,Pin,PL . 
 
 
Fig.10 Relationship between sun gear torque 
Ts and electric power efficiency Ȟ. 
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(2)㟁ຊ≉ᛶ 
Fig.9 ࡟㸪Nc =+200min-1㸪No =+300min-1ࡢ
ሙྜࡢ㟁ຊ≉ᛶࢆ♧ࡍ㸬 
Fig.9 ࡼࡾ㸪ྛࠎࡢ㟁ຊࡣ Ts ࡟ẚ౛ࡋ࡚ቑຍ
ࡋ㸪ᕪື㥑ື᫬࡜␗࡞ࡾ㸪㟁ຊᦆኻ PLࡢቑຍᖜ
ࡀ኱ࡁ࠸ࡇ࡜ࡀศ࠿ࡗࡓ㸬ࡲࡓ㸪ኴ㝧ṑ㌴ࡢ㟁 
ຊ Ps ࡣ㸪ᕪື㥑ື᫬࡜ẚ㍑ࡋ࡚ Ns ࡀᑠࡉࡃ࡞
ࡿࡓࡵ㸪ᑠࡉ࠸ࡇ࡜ࡀศ࠿ࡿ㸬 
 Fig.10 ࡟㸪Nc =+200min-1㸪No =+200min-1
ࡢሙྜ࡜㸪 No =+300min-1ࡢሙྜࡢ㟁ຊຠ⋡≉
ᛶࢆ♧ࡍ㸬㟁ຊຠ⋡ࡣ Ts ࡀቑຍࡋ࡚࠸ࡃ࡜ቑຍ
ࡋ㸪㝈⏺ࢺࣝࢡ Tsmax ࡟㏆࡙ࡃ࡟ࡘࢀ 10㹼
20㸣๓ᚋ࡟₞㏆ࡋ࡚࠸ࡃࡇ࡜ࡀศ࠿ࡿ㸬ࡇࢀࡣ㸪
ฟຊࡢᅇ㌿ᩘࡀప࠸ࡓࡵ࡛࠶ࡿ㸬 
 
(3)㐣Ώ≉ᛶ 
୪㐍㥑ື㡿ᇦ࡟࠾࠸࡚ࡣ㸪ኴ㝧ṑ㌴ࡢᅇ㌿ᩘ
(ฟຊᅇ㌿ᩘ)ࡀṇ㌿㸪೵Ṇ㸪㏫㌿࡜ 3 ࡘࡢ㡿ᇦ
ࡀᏑᅾࡍࡿ㸬Fig.4 ࡟࠾࠸࡚➨ 1 ㇟㝈࡜➨ 4 ㇟
㝈ࡢቃ⏺(Fig.4 ࡢ୍౛࡜ࡋ࡚ a Ⅼ)㸪ཬࡧ➨ 2 ㇟
㝈࡜➨ 4 ㇟㝈ࡢቃ⏺(Fig.4 ࡢ୍౛࡜ࡋ࡚ b Ⅼ)
࡛࠶ࡿ㸬ࡇࡇ࡛ࡣ㸪㡿ᇦࡀኚ໬(ṇ㌿Ѝ㏫㌿㸪㏫
㌿Ѝ೵Ṇ➼)ࡋࡓ᫬ࡢ㐣Ώ≉ᛶ࡟ࡘ࠸࡚㸪࣓ࣔࣜ
ࣁ࢖ࢥ࣮ࢲࢆ⏝࠸㸪ᐇ㦂᳨ウࡋࡓ㸬  
Fig.11࡟㸪࢟ࣕࣜ࢔ࡢᅇ㌿ᩘࡀNc=+200min-1㸪
እ ㍯ ṑ ㌴ ࡢ ᅇ ㌿ ᩘ No=+200 min-1 ࠿ ࡽ
No=+400 min-1࡟ኚ໬ࡉࡏࡓ᫬ࡢ㐣ΏἼᙧࢆ♧
ࡍ㸬 (9)ᘧࡼࡾእ㍯ṑ㌴ࡢᅇ㌿ᩘࡀ No=+250 
min-1࡛ኴ㝧ṑ㌴ࡢᅇ㌿ࡣ㸪Ns =0 ࡍ࡞ࢃࡕ೵
Ṇࡍࡿ(ኚ໬๓ᚋࡢᅇ㌿ᩘࡸࢺࣝࢡࡢㅖᐃᩘࡣ
ᅗ୰࡟♧ࡍ)㸬ࡲࡓ㸪Ᏻᐃ࡟せࡍࡿ᫬㛫ࡍ࡞ࢃࡕ
㐣Ώ᫬㛫 t ࡣ㸪2.61s ࡛࠶ࡿ㸬 
 
 
Fig.11 Transition waveforms when changing 
No from +200 min-1 to +400 min-1.  
 
Fig.12 ࡟㸪Nc =+200 min-1㸪No=+200 min-1
ࡢ≧ែ࠿ࡽ㸪No ࡢࡳࢆ㸪ྛ ࠎࡢᶓ㍈࡟♧ࡍᅇ㌿
ᩘ࡟ኚ໬ࡋࡓ࡜ࡁࡢ㐣Ώ᫬㛫 t ࢆ♧ࡍ㸬 ࡇࡇ࡛
ࡣ㸪ኴ㝧ࢺࣝࢡ Ts =0 ࡍ࡞ࢃࡕ↓㈇Ⲵࡢ≧ែ࡛
ᐇ㦂ࢆ⾜ࡗࡓ㸬 
 Fig.12 ࡛㸪Ns ࡣ඲࡚ṇ㌿Ѝ㏫㌿ࡢኚ໬࡛࠶ࡾ㸪 
㐣Ώ᫬㛫ࡣ㸪እ㍯ṑ㌴ᅇ㌿ᩘࡢኚ໬ᖜ࡟ẚ౛ࡋ
࡚ቑຍࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿ㸬 
Fig.13 ࡟㸪Nc=+200min-1࡛㸪No=+200 min-1
࠿ࡽ+300 min-1 ࡟ኚ໬ࡉࡏࡓ᫬࡜㸪No=+300 
min-1࠿ࡽ+200 min-1࡟ኚ໬ࡉࡏࡓࡢ㐣Ώ᫬㛫 t 
ࡢ㛵ಀࢆ♧ࡋࡓ㸬ᶓ㍈ࡣ㸪ኴ㝧ṑ㌴ࡢࢺࣝࢡ Ts
࡛࠶ࡿ㸬ࡓࡔࡋ㸪ࡇࡇ࡛ࡣ㸪እ㍯ṑ㌴ࡢᅇ㌿ᩘ
ࡢኚ໬ᖜࡣ 100min-1୍ᐃࡢୗ࡛㸪ᐇ㦂ࢆ⾜ࡗࡓ㸬 
 Fig.13 ࡼࡾ㸪㐣Ώ᫬㛫 t ࡣ㸪ኴ㝧ṑ㌴ࡢࢺࣝ
ࢡ Ts ࡟ẚ౛ࡋ࡚ቑຍࡋ㸪ࡲࡓ㸪No=+200min-1
я300 min-1ࡢṇ㌿я㏫㌿࡟㛵ಀ࡞ࡃ㸪t ࡣྠࡌ
್࡜࡞ࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬 
 
 
Fig.12 Relationship between outer ring speed 
after the change No and transition 
duration t.(Before the change 
No=+200min-1.) 
 
 
Fig.13 Relationship between sun gear torque 
Ts and trasition duration t. 
                           
Fig.14 ࡣ㸪Nc=+200 min-1 ୍ᐃ࡛㸪እ㍯ṑ㌴
ᅇ㌿ᩘࡢኚ໬ᖜ࡟ᑐࡍࡿ㐣Ώ᫬㛫 t ࡛࠶ࡿ㸬
Fig.14 ࡼࡾ㸪እ㍯ṑ㌴ᅇ㌿ᩘࡢኚ໬ᖜࡀ➼ࡋࡅ
ࢀࡤ㸪ኴ㝧ṑ㌴ࡢᅇ㌿᪉ྥࡢኚ໬࡟㛵ࢃࡽࡎ㐣
Ώ᫬㛫ࡣ➼ࡋ࠸ࡇ࡜ࡀศ࠿ࡿ㸬ࡇࢀࡣ㸪ᅇ㌿᪉
ྥࡢኚ໬࡟せࡍࡿ័ᛶ࢚ࢿࣝࢠ࣮ࡀ࡯ࡰ➼ࡋ࠸
ࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸪 
౛࠼ࡤ㸪୍␒ୖࡢእ㍯ṑ㌴ᅇ㌿ᩘࡢኚ໬ᖜࡀ
300 min-1୍ᐃ(ᅗ୰ࡢ a ࡢࢢࣛࣇ)ࡢ᫬㸪No ࡀ
+50я+350min-1(ኴ㝧ṑ㌴ࡢᅇ㌿᪉ྥࡣṇ㌿я
㏫㌿ )ࡢ᫬ࡢ㐣Ώ᫬㛫 t ࡜㸪No ࡀ+250я
+550min-1(ኴ㝧ṑ㌴ࡢᅇ㌿᪉ྥࡣ೵Ṇя㏫㌿)
ࡢ᫬ࡢ㐣Ώ᫬㛫 t ࡣ࡯ࡰ୍⮴ࡋ࡚࠸ࡿ㸬  
 ࡲࡓ㸪እ㍯ᅇ㌿ᩘࡢኚ໬ᖜࡀ 100 min-1㸪200 
min-1㸪300 min-1 ࡟࠾ࡅࡿ㐣Ώ᫬㛫ࡣ 1.62s㸪
2.61s㸪3.64s ࡜እ㍯ᅇ㌿ᩘࡢኚ໬ᖜ࡟࡯ࡰẚ౛
ࡋ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬 
 
 
Fig.14 Relationship between before and after 
change of the No , and transition 
duration t . 
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୺ධຊࡢ࢟ࣕࣜ࢔࡜㸪๪ධຊࡢእ㍯ṑ㌴ࢆᣢ
ࡘ 2 ධຊ 1 ฟຊᶵ⬟ࢆ᭷ࡍࡿ☢Ẽᘧ㐟ᫍṑ㌴⿦
⨨ࢆ⏝࠸࡚㸪ᕪື㥑ື㸪୪㐍㥑ືࡢ᭦࡞ࡿᐇ㦂
᮲௳ࢆቑࡸࡍࡇ࡜࡟ࡼࡾ㸪᪂ࡓ࡞≉ᛶࢆ᫂ࡽ࠿
࡟ࡋࡓࡢ࡛㸪せ⣙ࡍࡿ࡜㸪௨ୗࡢࡼ࠺࡟࡞ࡿ㸬 
 
(1) ᕪື㥑ື㸪୪㐍㥑ືࡢ 2 ධຊࡢࢺࣝࢡࡣฟຊ
ࢺࣝࢡ࡟ẚ౛ࡋ࡚኱ࡁࡃ࡞ࡿࡇ࡜ࡀศ࠿ࡗ
ࡓ㸬 
(2) ᕪື㥑ື㸪୪㐍㥑ືඹ࡟ධฟຊ㟁ຊ㸪㟁ຊᦆ
ኻࡣ㸪ฟຊࢺࣝࢡ࡟ẚ౛ࡋ࡚኱ࡁࡃ࡞ࡿ㸬㟁
ຊຠ⋡ࡣฟຊ㝈⏺ࢺࣝࢡ࡟㏆࡙ࡃ࡟ࡘࢀቑ
ຍࡋ࡚࠸ࡁ㸪ᕪື㥑ື᫬ࡣ㸪᭱኱㟁ຊຠ⋡
80㸣๓ᚋ㸪୪㐍㥑ື᫬ࡣ㸪10㹼20㸣๓ᚋ࡟
₞㏆ࡋ࡚࠸ࡃࡇ࡜ࡀศ࠿ࡗࡓ㸬୪㐍㥑ື᫬㟁
ຊຠ⋡ࡀప࠸ࡢࡣ㸪ฟຊᅇ㌿ᩘࡀప࠸ࡓࡵ࡛
࠶ࡿ㸬  
(3) ᕪື㥑ື᫬ࡣ㸪኱ࡁ࡞ືຊఏ㐩ࡀᚓࡽࢀࡿࡢ
࡛㸪㢼ຊⓎ㟁⿦⨨➼ࡢቑ㏿ᶵ࡜ࡋ࡚ࡢ㐺⏝ࡀ
ྍ⬟࡛࠶ࡿ㸬 
(4) ୪㐍㥑ືࡣ㸪ฟຊᅇ㌿ᩘࡀṇ㌿ࡋῶ㏿ࡍࡿ㡿
ᇦ㸪೵ṆࡍࡿⅬ㸪㏫㌿ࡋቑ㏿ࡍࡿ 3 ࡘࡢືస
㡿ᇦࢆᣢࡘࡇ࡜ࡀศ࠿ࡗࡓ㸬ࡍ࡞ࢃࡕ㸪୪㐍
㥑ື࡛ࡣືຊఏ㐩ࡼࡾࡶ㸪㐠ືఏ㐩࡟ྥ࠸࡚
࠸ࡿࡢ࡛㸪ฟຊࡢᅇ㌿᪉ྥࡢไᚚࡀᐜ࡛᫆࠶
ࡿࡇ࡜࠿ࡽ㸪ࣟ࣎ࢵࢺ࢔࣮࣒ࡸᕤసᶵᲔࡢᡠ
ࡾᶵᵓ➼࡟฼⏝ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬 
(5) ୪㐍㥑ືࡣ㸪3 ࡘࡢືస㡿ᇦࢆᣢࡘࡀ㸪
Fig.14 ࠿ࡽ㸪๪ධຊ࡜࡞ࡿእ㍯ṑ㌴ࡢᅇ㌿
ᩘࡢኚ໬ᖜࡀྠࡌ࡛࠶ࢀࡤ㸪2 ࡘࡢືస㡿ᇦ
࡟ࡲࡓࡀࡗ࡚ኚ໬ࡋ࡚ࡶ㸪ኚ໬࡟せࡍࡿ᫬㛫
ࡣྠࡌ࡛࠶ࡿࡇ࡜ࡀศ࠿ࡗࡓ㸬ࡇࢀࡣ㸪☢Ẽ
ṑ㌴ࡢᅇ㌿᪉ྥࡢኚ໬࡟せࡍࡿ័ᛶ࢚ࢿࣝ
ࢠ࣮ࡀ࡯ࡰ➼ࡋ࠸ࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿ㸬
ࡲࡓ㸪ኚ໬࡟せࡍࡿ᫬㛫ࡣ๪ධຊᅇ㌿ᩘࡢኚ
໬ᖜ࡜ฟຊࢺࣝࢡ࡟ẚ౛ࡋ࡚㛗ࡃ࡞ࡿࡇ࡜
ࡀศ࠿ࡗࡓ㸬 
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